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High-speed atomic force microscopy (HS-AFM)[1] is a powerful technique that 

provides dynamic movies of biomolecules at work. HS-AFM has the notable 

advantage that i t  permits to subject the proteins under invest igation to 

environmental cues such as changes of pH, ions, ligands, temperature, light and 

force. This is particularly advantageous for the study of ion channels that respond 

to a wide range of stimuli [2], and transporters with substrate-dependent activities. 

To break current temporal limitations to characterize molecular dynamics using HS-

AFM, we use HS-AFM line scanning (HS-AFM-LS) and HS-AFM height spectroscopy 

(HS-AFM-HS), a technique whereby we oscillate the HS-AFM tip at a fixed position 

and detect the motions of the molecules under the tip [3]. These methods allowed 

us to determine the dynamics of individual unlabeled amino acid transporters at 

millisecond temporal resolution [4].

Top: HS-AFM line scanning kymograph with 3.3ms temporal resolution of GltPh transport motion. 
Bottom: Height/time trace and idealized state assignment (red).

HS-AFM frames and schematic of amino 
acid transporter GltPh in membrane.
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